Introduction 1
biological applications of CNTs will require improvements to be made to the dispersibility 11 and/or solubility of CNTs in aqueous solution. Several papers have reported that wrapping of the 12
CNTs by DNA was found to be sequence-dependent (Zheng et al., 2003b) , especially in the case 13 of Poly (T), which has the highest dispersion efficiency among fixed length homopolymers 14 (Zheng et al., 2003a) . Other combinations of DNA sequence motifs such as d(GT) n or d(AC) n 15 were also investigated (Vogel et al., 2007) . However, the interaction of CNTs with CpG DNA is 16 less well studied. In this study, 1 mg of HiPco SWCNTs and 5 mg of CpG DNA were sonicated 17 in 5 ml of 5% dextrose solution for 20 minutes in an ice-water bath to form SWCNT/CpG DNA 18 complexes. Microscopic characterizations of the resultant SWCNT/CpG DNA complexes wereanalyzed by UV/Visible-NIR absorption spectroscopy (Fig. 1a) , photoluminescence 1 spectroscopy (Fig. 1b) , and atomic force microscopy (AFM) (Fig. 1c) . The SWCNT/CpG DNA 2 complexes were dispersed individually without the formation of remarkable aggregates, as 3 evidenced by the appearance of a high peak in the absorption spectra (Fig. 1a,) . As the 4 photoluminescence isn't observed for aggregates but only for individualized SWCNTs, the strong 5 fluorescence in the photoluminescence spectra (Fig. 1b) indicated that well dispersed SWCNTs 6 were present. However, this result could not rule out the presence of some bundles. Meanwhile, 7
AFM images clearly showed that the SWCNT/CpG DNA complexes were well dispersed and 8 had a mean diameter of about 1-4 nm (Fig. 1c) and hight of about 0.5-2 nm (Fig. 1d) . In addition, 9 removal of free DNA by a 30-kDa molecular weight filter did not cause SWCNT flocculation to 10 occur, and the resultant SWCNT/CpG DNA complexes were stable for months at 4 °C. The 11 SWCNT/CpG DNA complexes were also redispersed in 5% dextrose solution once freeze-dried, 12
indicating that the CpG DNA binding to the SWCNTs was very strong. Furthermore, the amount 13 of CpG DNA contained in SWCNTs suspension was calculated from the absorbance difference 14 between at 260 nm and at 230 nm, and determined to be 1.27 ± 0.24 ug/1 ug SWCNTs. Taegar tumor tissues treated with 5% dextrose or naked CpG DNA remained the same as the 6 temperature before NIR laser irradiation. Then, we evaluated the production of HSP70 in tumor 7 tissue after NIR laser irradiation. As shown in Fig. 4b , HSP70 production in the tumor tissues of 8 mice treated with the SWCNT/CpG DNA complex + NIR were significantly higher than that in 9 mice treated only with the SWCNT/CpG DNA complex at 6 hours after NIR laser irradiation (P 10 < 0.01). In addition, in the tumor treated with the SWCNT/GpC DNA complex + NIR laser, the 11 HSP70 production was induced to a high level (Fig. 4c) . In contrast, the HSP70 production in 12 mice treated with 5% dextrose or naked CpG DNA was of a comparable level to that in the mice 13 that did not receive NIR laser irradiation (Fig. 4c) . These results suggest that both SWCNT 14 complexes when stimulated with NIR laser irradiation increased the temperature in the tumor 15 tissue and induced the enhancement of HSP70 production.
that CpG DNA Lipoplex showed strong immune responses and were effective in preventing 1 proliferation of cancer cells (Kuramoto et al., 2009 (Kuramoto et al., , 2008 Zhou et al., 2012 Zhou et al., , 2010 . Therefore, 2 using CpG DNA to disperse the SWCNTs may lead to complexes having an immunostimulatory 3 effect. In this study, the immunoreactivity of the SWCNT/CpG DNA complex was evaluated by 4 measuring the production of inflammatory cytokines in serum and in the tumor tissues in colon 5 26 bearing mice at different time points (Fig. S3-S4 ). After intratumoral injection of the 6 SWCNT/CpG DNA complex, the production of TNF- and IL-6 in the serum and the tumor 7 tissues showed a peak value at 2 hours after administration (Fig. S3a, S3b, S4a and S4b) . The 8 production of IL-12p70 showed a peak value in the serum at 8 hours after administration (Fig.  9 S3c) and in the tumor tissues at 2 hours after administration (Fig. S4c) . 10
In addition, compared with untreated mice or mice injected with naked CpG DNA or the 11 SWCNT/GpC DNA complex, mice injected with the SWCNT/CpG DNA complex significantly 12 induced higher levels of TNF- and IL-6 production both in serum ( Fig. 5a and 5b) and in tumor 13 tissue ( Fig.6a and 6b ) at 2 hours after injection. The SWCNT/CpG DNA complex also induced 14 higher levels of IL-12p70 production in tumor tissues than compared with either naked CpG 15 DNA or the SWCNT/GpC DNA complex (Fig. 5c) . These results demonstrated that the 16 SWCNT/CpG DNA complex induced TNF- and IL-6 cytokine production in tumor tissues and 17 in serum, and may have the potential to inhibit tumor growth. As several papers have already 18 demonstrated that CNTs are able to enter immune cells such as macrophages actively andpassively via incomplete phagocytosis or by impaling the membrane (Cheng et al., 2009; Kam et 1 al., 2005; Kraszewski et al., 2012) , we considered that the SWCNT/CpG DNA complex may be 2 more effectively recognized by the immune cells than naked CpG DNA. Moreover, our results 3 suggest that the SWCNT/CpG DNA complex induced higher levels of cytokine production than 4 naked CpG DNA, thereby confirming the reports that functionalized CNTs could enhance CpG 5 DNA uptake and their immunostimulatory properties (Bianco et al., 2005b; Zhao et al., 2011) . 6
Furthermore, Fan et al. also has reproted that functionalized carbon nanotubes that conjugated 7
with CpG DNA enhanced activity of CpG DNA and was effective for both brain and systemic 8 melanomas (Fan et al., 2012) . 9
As some reports have shown that the photohyperthermic effect could enhance immune 10 responses in vivo (Zhang et al., 2008; Gastpar et al., 2005) , next, we investigated the immune 11 effects of the SWCNT/CpG DNA complex after NIR laser irradiation. The results showed that 12 there was no significant difference between the cytokine production levels of the SWCNT/CpG 13 DNA complex and the SWCNT/CpG DNA complex + NIR laser irradiation (data not shown). 14 This result may be because the photohyperthermic effects induced by the SWCNT/CpG DNA 15 complex + NIR were either not enough to enhance the immune response, or the enhanced 16 immune response was too low to be detected. We will investigate these details in the future.
Acknowledgments 1
This work was supported in part by a Grant-in-Aid for Scientific Research (A) (23240072) and 2 by a fellowship grant from the Japan Society for the Promotion of Sciences (23•2743) . 3
